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Pleiotropic effects of dihydrotestosterone in immortalized mouse prox-
imal tubule cells. Technical Note. Dihydrotestosterone (DHT) binding
studies and the effects of DHT on the expression of b-glucuronidase (Gus)
and kidney androgen-regulated protein (KAP) genes and cell growth were
investigated in immortalized early PKSV-PCT and late PKSV-PR proxi-
mal tubule cells, derived from transgenic mice carrying the L-pyruvate
kinase/SV40 hybrid gene. [3H]DHT binding studies indicated that both
cell lines have conserved substantial amounts of androgen receptors. The
levels of KAP and Gus transcripts in PKSV-PCT cells, and those of KAP
transcripts in PKSV-PR cells, decreased when cells were shifted from a
serum-supplemented to a steroid-free medium. The addition of 30 nM
DHT to the steroid-free medium resulted in a slight increase in Gus and
in a more marked increase in KAP transcripts in both cell lines. Dihy-
drotestosterone also affected the growth of PKSV-PCT and PKSV-PR
cells, since this hormone added to the steroid-free medium stimulated the
incorporation of [3H]thymidine in a dose-dependent manner and induced
the formation of domes, which represent indicators of ionic transport
processes. Thus, because these early and late mouse proximal tubule cells
have conserved androgen receptors, they represent attractive cell systems
to analyze the action of androgens on specific functions of the mouse
proximal tubule.
Steroid hormones are known to regulate the expression of a
large variety of genes within different organs. Among them, the
mouse kidney presents the particularity to be affected by andro-
genic hormones. The site of action of testosterone takes place in
proximal tubule cells, as this hormone induces or activates the
expression of various genes including b-glucuronidase (Gus) [1],
kidney androgen-regulated protein (KAP) and RP2 [2, 3], orni-
thine decarboxylase [4] or alcohol dehydrogenase [5]. Most of
these studies focused on the characterization of molecular ele-
ments mediating androgen-responsive gene expression in the
mouse kidney [6–8] and the genetic variations among different
strains of mice [9, 10]. Androgenic hormones have also an
important effect on the stimulation of cellular growth, including
either hypertrophy or hyperplasia, depending upon the tissue [11].
In the mouse kidney, the primary growth effects of androgens is
hypertrophy, with little effect on DNA synthesis [12].
Although, Asadi, Dimaculangan and Berger [13] have reported
the effects of testosterone on the induction of androgen-regulated
genes in primary cultured mouse proximal tubule cells, the lack of
well-defined established mouse proximal tubule cell lines has still
hampered in vitro studies on the action of androgens on androgen-
regulated gene expression as well as on cell growth and differen-
tiation. We have recently established two lines of proximal tubule
cells, the PKSV-PCT and PKSV-PR cells, derived from microdis-
sected convoluted (PCT) and straight terminal (PR) proximal
tubules of the kidneys of one-month-old male L-PK/Tag trans-
genic mice carrying the SV40 small t and large T antigens placed
under the control of the 59 regulatory sequences of the L-pyruvate
kinase (L-PK) gene [14]. These cells have retained the features of
the parental cells from which they were derived [14–16]. Thus, we
questioned whether these established mouse proximal cultured
cells could represent useful tools to analyze the pleiotropic action
of androgens on proximal tubule cells.
The present study reports on the characterization of androgen
receptors and the effects of dihydrotestosterone (DHT) on the
expression of Gus and KAP genes and on the cell growth of these
two PKSV-PCT and PKSV-PR cell lines. Binding studies indi-
cated that both cell lines exhibited specific binding for DHT.
Northern blot analyses demonstrated that PKSV-PCT and
PKSV-PR cells maintained the expression of Gus and KAP genes,
and that DHT was able to differently increase KAP and Gus
mRNA levels in both cell lines grown in steroid-free medium.
Furthermore, thymidine incorporation studies and morphological
studies indicated that DHT was able to stimulate the mitotic
activity of both PKSV-PCT and PKSV-PR cells and to trigger the
formation of domes [17, 18].
METHODS
Cultured cells
The PKSV-PCT and PKSV-PR cells were routinely grown in a
modified culture medium [DM: DMEM-Ham’s F12 (1:1 vol/vol);
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60 nM sodium selenate; 5 mg/ml transferrin; 2 mM glutamine; 5
mg/ml insulin; 50 nM dexamethasone; 5 nM triiodothyronine; 10
ng/ml epidermal growth factor; 20 mM D-glucose; 2% fetal calf
serum; 20 mM HEPES, pH 7.4] at 37°C in a 5% CO2–95% air
atmosphere [14]. For steroid binding studies, confluent cells
initially grown in DM were cultivated in hormonally-free medium
[HFM: DMEM-Ham’s F12 (1:1 vol/vol); 60 nM sodium selenate;
5 mg/ml transferrin; 2 mM glutamine; 20 mM D-glucose; 20 mM
HEPES, pH 7.4] supplemented with 2% charcoal-treated FCS for
48 hours. RNA analyses were performed on sets of cells (50th to
65th passages) either grown in DM medium until confluency (day
6) or on sets of cells initially grown in DM, then cultivated in
HFM supplemented or not with 30 nM DHT for three days
following the procedure described by Asadi et al [13]. Cell growth
studies were also performed on sets of cells grown in HFM
medium alone or supplemented with various concentrations of
DHT (10210 to 1025 M) for three to five days.
Cytosol preparation
Kidney cortices from adrenalectomized and castrated male
mice were homogenized in a TEGW buffer (20 mM Tris-HCl; 1
mM EDTA; 10% glycerol; 20 mM sodium tungstate; pH 7.4) and
centrifuged at 105,000 g for 45 minutes at 4°C. Confluent cells,
seeded in 100 mm diameter Petri dishes and grown in charcoal-
treated FCS-supplemented HFM medium for 48 hours, were
rinsed with 10 ml ice-cold phosphate saline-buffered solution
(PBS), gently scrapped off the dishes, collected (150 g for 10 min)
and snap-frozen in liquid nitrogen. The TEGW buffer was then
added to the frozen cell pellets (3:1 buffer/cell vol). Resuspended
cells were then homogenized and centrifuged as described above.
Kidney and cell cytosol preparations were immediately used for
steroid binding assays [19, 20]. Protein content of the cytosols was
measured by the Bradford method [21] using bovine serum
albumin (BSA) as standard.
Steroid binding experiments and sucrose gradient analysis
Increasing concentrations of [3H]DHT (0.1 to 40 nM) were
added to 100 ml aliquots of cytosol. Bound and free hormone were
separated by the dextran-charcoal method as described earlier
[19, 20]. Bound hormone was analyzed as a function of free
hormone as previously described [22]. For competition studies,
cytosols were incubated for one hour with [3H]DHT alone or with
an excess (3100) of unlabeled DHT, R1881, aldosterone, dexa-
methasone or ORG2058 (Amersham, Les Ulis, France). Bound
and free hormones were then separated by the dextran-charcoal
method. For sucrose gradient analysis, samples (100 ml) of labeled
cytosol were layered on top of 5 to 20% sucrose gradients
prepared in TEGW buffer. Gradients were centrifuged for two
hours at 50,000 rpm in a Beckman VTi65.2 rotor. Three-drop
fractions were collected by piercing the bottom of each tube and
radioactivity was counted. Myoglobin (2 S), BSA (4.6 S) and
aldolase (7.9 S) were used as external standards.
RNA isolation and Northern blot analysis
Total RNAs from whole kidney and cultured cells were ex-
tracted by the method of Chomczynski and Sacchi [23]. Total
RNAs and Poly(A)1 RNAs isolated using the mRNA purification
kit (Pharmacia Biotech Inc., Sweden) were processed as described
[24]. Briefly, total RNA (5 mg) from whole kidney or Poly(A)1
RNA (8 mg) from cultured cells were electrophorezed in 6.5%
formaldehyde-1.4% agarose gel, blotted to nylon membranes
Hybond N (Amersham, USA), and hybridized with random
priming [32P]-labeled cDNA probes (Stratagene, USA). Densito-
metric analyses were performed using the Bio-Rad GS700 Image
densitometer and the Molecular Analyst 1.40 program.
Rubidium1 influx studies
Potassium influx was measured using 86Rubidium (86Rb1) as a
tracer for potassium movements. Cell layers from 24-well trays
were rinsed with 1 ml medium containing 136 mM NaCl, 5 mM
KCl, 1 mM Na2HPO4, 5 mM glucose, 10 mM HEPES, pH 7.4. Rb
1
influx was initiated by adding 0.5 ml medium containing 2 mCi/ml
86Rb1 (Amersham, France). Influx was measured for six minutes,
in the absence or presence of ouabain (0.5 mM) to determine the
ouabain-sensitive (Os) component of 86Rb1 influx mediated by
Na1-K1 ATPase pumps [25]. The reaction was stopped by reas-
piration of the medium, cells were rinsed three times with 1 ml
ice-cold 100 mM MgCl2 solution, solubilized in 1 ml 0.2% sodium-
dodecyl sulfate (SDS) and radioactivity was counted [25]. Results
are expressed as nmol 86Rb1/min/106 cells.
Fig. 1. Morphology and immunocytochemical
features of immortalized proximal tubule cells
grown in hormone-supplemented medium.
Confluent PKSV-PCT cells (A) and PKSV-PR
cells (D) grown on Petri dishes formed
monolayers of cuboid cell shape and formed
domes (arrows). Indirect immunofluorescence
studies using an anti-large T antigen antibody
showed that cells were nuclear large T antigen
positive (A, D, insets). The labeling provided by
the anti-cytokeratins K8-K18 antibody (B, E)
and the anti-ZO-1 antibody (C, F) indicated
that PKSV-PCT cells (B, C) and PKSV-PR
cells (E, F) both exhibited typical cytokeratin
network and the protein ZO-1 delineating the
peripheries of the cells. Bars 5 10 mm.
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Cell growth studies
Cell growth was estimated by measuring the incorporation of
[methyl-3H]thymidine ([3H]TdR, S.A. 925 GBq/mmol, Amer-
sham). Briefly, PKSV-PCT and PKSV-PR cells seeded at 5 3 104
cells/plate in 12-well trays, were grown in steroid-free medium
supplemented or not with various concentrations of DHT. After
three days of culture, DNA synthesis was estimated by measuring
the [3H]TdR incorporated into trichloracetic (TCA)-insoluble cell
fractions as previously described [25]. The radioactivity incorpo-
rated was corrected for the number of cells measured for each
condition tested.
Morphological and immunomorphological studies
Confluent cell monolayers grown on 60-mm collagen-coated
Petri dishes were examined under an inverted microscope
equipped with phase-contrast optics (Axiovert 10, Zeiss, Ger-
many) and photographed. To determine the number of domes per
unit surface area, three different surface areas from three differ-
ent wells were analyzed and the results were expressed as the
number of domes per 10 mm2 surface area.
Indirect immunofluorescence analyses were performed on con-
fluent cells grown on glass cover-slips and fixed either with
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Fig. 2. [3H]DHT binding to cytosols of kidney
and cultured cells. Cytosols of kidney cortex
(A), PKSV-PCT (B) and PKSV-PR (C) cells
were incubated with increasing concentrations
(0.1 to 40 nM) of [3H]DHT for one hour at 4°C.
Bound (B) and free (F) hormone were
separated by dextran-charcoal treatment. The
curves were simulated from the best interaction
model, which corresponded to one class of
specific and nonspecific binding [18]. Cytosols
of kidney cortex (D), PKSV-PCT (E) and
PKSV-PR (F) were incubated with 10 nM
[3H]DHT in the absence or presence of a 100-
fold excess of unlabeled DHT (1DHT), R1881
(1R1881), dexamethasone (1Dex) or
aldosterone (1Aldo). Results are expressed as
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Fig. 3. Sedimentation gradient analyses of
[3H]DHT-receptor complexes of the cytosols
from kidney cortex (A), PKSV-PCT (B) and
PKSV-PR (C) cultured cells. The cytosols were
incubated with 10 nM [3H]DHT in the absence
(F) or presence of a 100-fold excess of
unlabeled DHT (E) or R1881 (M).
Sedimentation markers were aldolase
(A, 7.9 S), bovine serum albumin (BSA, 4.6 S)
and myoglobin (M, 2 S).
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eight minutes at 4°C. After washing in phosphate buffered saline
(PBS), samples were incubated with 10 mg/ml of the anti-large T
antigen polyclonal antibody (kindly provided by Dr. D. Paulin,
Universite´ Paris VII and Institut Pasteur, Paris, France), the
anti-cytokeratins K8-K18 antibody or the anti-ZO-1 monoclonal
antibody (Cedarlan Laboratories, Hornby, Canada) for 60 min-
utes at room temperature [26]. The cells were rinsed with PBS and
then incubated with biotinylated anti-species IgG, followed by
FITC-labeled streptavidin. Each incubation step (30 min) was
performed at room temperature and was followed by extensive
washing with PBS. The preparations were examined under a Zeiss
photomicroscope equipped with epifluorescence optics.
Statistical analysis
Results are expressed as mean values 6 SE. Statistical analysis
was performed using Student’s t-test.
RESULTS
Morphological analysis of the proximal tubule cell lines
The early proximal PKSV-PCT cells and late proximal
PKSV-PR cells, derived from proximal tubules microdissected out
from the kidneys of L-PK/Tag transgenic mice, were routinely
cultured in glucose-enriched medium [14]. In a previous study, we
showed that they exhibited typical features of proximal tubule
cells, including the presence of villin and aminopeptidase N in
apical microvilli [14]. After long-term passages, both cell types still
formed confluent monolayers of closely apposed cuboid cells and
formed domes (Fig. 1 A, D). Results from indirect immunofluo-
rescence studies indicated that both PKSV-PCT and PKSV-PR
cells were nuclear large T antigen positive (insets of Fig. 1 A, D),
exhibited a typical cytokeratin network (Fig. 1 B, E) and possessed
ZO-1, a protein associated to the tight junctions [27], delineating
the cell peripheries (Fig. 1 C, F). These results indicated thus that
the two proximal tubule cell lines have kept a stable epithelial
phenotype.
Identification of androgen receptors in mouse kidney and
proximal tubule cultured cells
A first series of experiments were designed to analyze the
binding characteristics of [3H]DHT to the cytosol of kidney cortex
from adrenalectomized and castrated mice and of confluent
PKSV-PCT and PKSV-PR cells, grown in steroid-free medium.
Kinetics of [3H]DHT binding to cytosols of kidneys and cultured
cells indicated that maximum binding was achieved after one hour
incubation at 4°C (data not shown). Therefore, this incubation
time was chosen for binding studies. Results from Scatchard
analyses and fitting curves calculated from an interaction model
involving one class of specific and nonspecific binding sites [22]
clearly showed that, like the intact mouse kidney cortex (Fig. 2A),
both PKSV-PCT and PKSV-PR cells exhibited one class of high
affinity site for DHT (Fig. 2 B, C). The number of binding sites
(Nmax) measured in PKSV-PCT and PKSV-PR cells was of the
same order of magnitude as the one measured in whole kidney
cortex (kidney, 19.0 6 0.01; PKSV-PCT, 20.3 6 0.01; PKSV-PR,
14.7 6 0.01 fmol/mg protein). The values of dissociation constant
(Kd) of [3H]DHT showed that the affinity of the receptors for
DHT was higher in cultured cells than in kidney cortex (kidney,
4.97 6 0.19; PKSV-PCT, 0.67 6 0.05; PKSV-PR, 0.98 6 0.08 nM,
N 5 3).
The specificity of [3H]DHT binding was assessed by competi-
tion experiments. In kidney cortex (Fig. 2D), the [3H]DHT
binding was specifically displaced by a 100-fold excess of unla-
beled DHT or R1881, a synthetic compound specific for androgen
receptors [28]. [3H]DHT was not displaced by an excess of
unlabeled aldosterone or dexamethasone, which both bind to
corticosteroid receptors within the kidney [19, 20]. Identical
results were obtained on PKSV-PCT and PKSV-PR cells (Fig. 2,
E and F, respectively). Although [3H]DHT binding was partially
displaced (33 to 36%) by a 100-fold excess of unlabeled proges-
terone within both cultured cell types, it was not displaced by a
100-fold excess of ORG2058, a specific ligand of the progesterone
receptor [29] (data not shown). Thus, these results indicated that
DHT was specifically bound to androgen receptors in the two
proximal tubule cultured cell lines.
Sucrose gradient analysis of cytosols from intact kidney cortex
and cultured cells labeled with [3H]DHT were also performed to
determine the sedimentation coefficient of the [3H]steroid-recep-
tor complexes. The gradient profiles of the cytosolic fractions
from kidney cortex (Fig. 3A), PKSV-PCT (Fig. 3B) and PKSV-PR
cells (Fig. 3C) were similar. In all cases, cytosols labeled with
[3H]DHT sedimented at ;10 S. The peaks were specific since they
were abolished when cytosol was incubated with [3H]DHT in the
presence of an 100-fold excess of the corresponding unlabeled
steroid.
Gus and KAP gene expression in mouse proximal tubule
cultured cells
Figure 4 illustrates Gus and KAP mRNA accumulation levels
within kidneys of intact and castrated C57BL/6 male mice,
PKSV-PCT and PKSV-PR cells as compared to the expression of
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) used as an
internal standard. Densitometric analysis of non-saturated X-ray
films showed a 4-fold and a 12-fold decrease in Gus and KAP gene
expression, respectively, in the kidneys of castrated mice (Fig. 4,
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Fig. 4. Gus and KAP gene expression in whole kidney and proximal
cultured cells. Northern blot analysis from Gus, KAP and GAPDH
mRNAs in kidneys of normal (lane 1) and castrated male mouse (lane 2)
and confluent PKSV-PCT (lane 3) and PKSV-PR (lane 4) cells grown in
DM medium. Filters were hybridized either with 5 mg of total RNA (lanes
1 and 2) or 8 mg poly(A)1RNA (lanes 3 and 4).
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4, lane 1). Both PKSV-PCT and PKSV-PR cells grown in DM
medium still expressed substantial amounts of Gus and KAP
transcripts (Fig. 4, lanes 3 and 4). Whereas the levels of Gus
transcripts were almost the same in both cell lines, the amount of
KAP transcripts were fourfold higher in PKSV-PCT than in
PKSV-PR cells (Fig. 4, lanes 3 and 4). In relation to that obtained
with total kidney RNAs from normal and castrated mice, the
results provided by poly(A)1 RNA from cultured cells after being
normalized by the respective amounts of GAPDH transcripts
indicated that the two proximal tubule cell lines have maintained
about the same levels of Gus mRNA expression than the intact
kidneys, while the KAP gene appeared to be lower expressed in
both cultured cells.
We then next analyzed the effects of DHT on the Gus and KAP
gene expression within the two cell lines shifted in steroid-free
medium. Figure 5 shows the levels of expression of Gus, KAP and
GAPDH internal control gene in PKSV-PCT (lanes 1 to 4) and
PKSV-PR (lanes 5 to 8) cells grown in different conditions for
three days. The results from densitometric analysis are shown in
the right panels from Figure 5. In PKSV-PCT cells, Gus tran-
scripts decreased after steroid hormone depletion, and the de-
crease was even more marked for KAP transcripts, as compared
to the same set of cells grown in DM (Fig. 5, lanes 1 and 2).
Furthermore, addition of 30 nM DHT to the steroid-free medium
for three days resulted in a slight 1.4- and 3.5-fold increase in Gus
and KAP expression, respectively (Fig. 5, lane 3). The levels of
Gus transcripts were almost identical in PKSV-PR cells grown in
DM or steroid-free medium (Fig. 5, lanes 5 and 6) but increased
by almost threefold after addition of 30 nM DHT to the steroid-
free medium (Fig. 5, lane 7). In these cells, the expression of the
KAP gene was decreased by 2.8-fold when they were shifted from
DM to steroid-free medium and increased by 5.5-fold after
addition of 30 nM DHT (diluted in ethanol) to the steroid-free
medium (Fig. 5, lane 7). As controls, no changes in the expres-
sions of KAP and Gus genes occurred when only the vehicle
(ethanol) was added to the steroid-free medium from PKSV-PCT
and PKSV-PR cells (Fig. 5, lanes 4 and 8).
Effects of dihydrotestosterone on cell growth
To test the action of androgens on proliferation, we analyzed
the effects of DHT on the growth of PKSV-PCT and PKSV-PR
cells grown in HFM medium alone or supplemented with various
concentrations of DHT (10210 to 1025 M). DNA synthesis was
estimated by the incorporation of [3H]TdR into TCA-insoluble
cell fractions. As shown in Figure 6, the incorporation of thymi-
dine increased significantly for 1027 M and 1028 M DHT in
PKSV-PCT and PKSV-PR cells, respectively, and a maximal
increase (31.5- to 1.7-fold) was achieved for 1026 M DHT in both
cell lines. Morphological analyses of the same sets of cells also
showed that DHT induced the formation of domes (Fig. 7).
Whereas both PKSV-PCT and PKSV-PR cells exhibited domes
when they were cultivated in DM-hormonally-supplemented DM
medium (Fig. 1), the quantity of domes per surface area was
dramatically reduced when cells were grown in HFM (Fig. 7 B,
D). In contrast, the addition of DHT to the HFM induced the
formation of domes (Fig. 7A). In both cell lines, the action of
DHT on the number of domes appeared to be dose-dependent,
with maximal effect for 1025 M DHT. Figure 7B-E illustrate the
density of domes observed in PKSV-PCT and PKSV-PR cells
grown in the absence (Fig. 7 B, D) or presence (Fig. 7 C, E) of
1026 M DHT. To test whether DHT stimulated the Na1,K1-
ATPase pumps, 86Rb1 influx was measured on sets of confluent
cells incubated in HFM supplemented or not with 1026 M DHT
for 24 hours. Under these conditions, DHT did not alter the Os
component of 86Rb1 influx, mediated by Na1,K1-ATPase pumps,
in both PKSV-PCT cells (control, 2.16 6 0.10; 1DHT, 1.98 6 0.07
nmol/min/106 cells; N 5 8) and PKSV-PR cells (control, 2.31 6
0.04; 1DHT, 2.47 6 0.05; N 5 8).
DISCUSSION
Proximal tubule epithelial cells from the mouse kidney repre-
sent the preferential site of action of androgenic hormones [30].
In this study, we show that the established early and late proximal
tubule cell lines derived from transgenic L-PK/Tag1 mice have
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Fig. 5. Effects of dihydrotestosterone (DHT) on Gus and KAP gene expression in proximal cultured cells. Representative illustrations from Northern
blot (A) and densitometric analysis (B) of Gus, KAP and GAPDH mRNAs in PKSV-PCT (lanes 1 to 4, M) and PKSV-PR (lanes 5 to 8, o) cells grown
in complete DM medium (lanes 1 and 5) and in steroid-free medium (lanes 2 and 6) for three days or with steroid-free medium plus 30 nM DHT in
ethanol (lanes 3 and 7) or ethanol alone (lanes 4 and 8) for three additional days. Bars represent Gus/GAPDH and KAP/GAPDH mRNA ratios
(arbitrary unit) normalized to 1 for the steroid-free conditions (lanes 2 and 6).
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conserved the androgen receptors and have maintained the
expression of two androgen-regulated genes, the Gus and KAP
genes. Moreover, DHT stimulates DNA synthesis and appears to
induce the formation of domes.
Results from binding studies using [3H]DHT, clearly demon-
strate that the androgen receptors identified in early and late
mouse proximal tubule cultured cells have ligand binding proper-
ties and structural characteristics identical to those of the intact
kidney. The question arises whether androgens could interact on
the expression of androgen-regulated genes in these models of
proximal tubule cultured cells exhibiting androgen receptors.
Both cultured cell types maintain detectable levels of Gus and
KAP mRNAs in standard conditions of growth, such as those
requiring serum and hormones. Comparison of normalized ex-
pression levels in cultured cells with those observed in kidneys of
normal and castrated mice shows that both cell lines display
similar levels of expression of the Gus gene, which are in turn
slightly higher than those in kidneys of castrated mice (Fig. 4).
Although PKSV-PCT cells exhibit higher levels of KAP mRNA
than PKSV-PR cells, the expression of this gene was much lower
than those attained in vivo, even in the absence of androgens.
Testosterone and DHT are both efficient in their interactions
with the androgen receptor in the mouse kidney, but some
testosterone related responses have been shown to be driven by
the estrogen receptor, probably due to the aromatization of
testosterone in some estrogenic metabolite [31]. For these rea-
sons, we used the non-aromatized DHT metabolite [13], in order
to analyze the androgen receptor-related responses within the two
early and late proximal tubule cell lines. The results show that the
accumulation of both KAP and Gus mRNAs decreases following
steroid hormone depletion. Such a decrease was more pro-
nounced in PKSV-PCT than in PKSV-PR cells for the KAP gene.
Although the levels of Gus transcripts decrease in PKSV-PCT
cells grown in steroid-free medium, they remain unchanged in
PKSV-PR cells. Addition of DHT to the steroid-free medium
increases the levels of KAP and Gus mRNAs in both cell lines, but
the inducible effect of DHT appears to be more effective for the
KAP gene than for the Gus gene.
Although the affinity and the number of binding sites of
androgen receptors, identified by the [3H]DHT binding studies,
were almost equivalent in these two cell lines, the increase in KAP
gene expression is higher in the late PKSV-PR than in the early
PKSV-PCT proximal tubule cultured cells. In situ hybridization
studies on mouse kidney has demonstrated that the KAP gene
exhibits a multihormonal cell-specific expression in the different
segments of the proximal tubule [32]. In the pars recta (S3
segment), this gene is constitutively expressed by thyroid hor-
mones [33] and can be further induced by androgens [34] as well
as estrogens [31]. In the convoluted part (S1 and S2) of the
proximal tubule, the KAP gene is under the control of androgens,
although its complete induction is only achieved in the presence of
androgens plus thyroid hormones [35]. Thus, the fact that other
hormones or factors may differently contribute to the expression
of the kidney androgen-regulated gene along the proximal tubule
in vivo, explains the differences observed in the two proximal
tubule cultured cell types, as well as the pattern of gene expression
observed after steroid hormone depletion and DHT induction.
Previous studies demonstrated that androgenic hormones have
little effect on DNA synthesis, but markedly increase the size of
proximal tubule cells [12]. This particular action of androgens on
kidney proximal tubule cells lead us to study the action of DHT on
the growth of both PKSV-PCT and PKSV-PR cells. Results from
[3H]TdR incorporation studies, performed on growing cells three
days after seeding, clearly show that DHT stimulates the DNA
synthesis in both PKSV-PCT and PKSV-PR cells in a dose-
dependent manner. However, significant increase in [3H]TdR was
only observed for concentrations above 1027 M in PKSV-PCT
cells and 1028 M in PKSV-PR cells. These results thus suggested
that a higher concentration of DHT than the one required, such
as 30 nM DHT, was necessary to induce the expression of
androgen-regulated genes effectively stimulates cell growth.
In addition to the effect on cell growth, DHT induces the
formation of domes in PKSV-PCT and PKSV-PR cells. Domes,
which correspond to localized regions of the monolayer lifted
from the Petri dish, are indicators of vectorialized ionic transport
processes [17, 18]. As for [3H]TdR incorporation, DHT induces in
a dose-dependent manner the appearance of domes in the two cell
lines. Similarly to that observed for TdR incorporation, the
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Fig. 6. Effect of DHT on DNA synthesis. PKSV-PCT (A) and PKSV-PR
cells (B) were seeded in collagen-coated 12-well trays and grown in HFM
without or with DHT (10210 to 1025 M) for three days. Cells were pulsed
for the last six hours with [3H]TdR (0.5 mCi/well) and the radioactivity
incorporated into TCA-insoluble material was extracted and counted.
Values are means 6 SE of duplicate measurements from four separate
passages. *P , 0.05, **P , 0.01, ***P , 0.001 versus untreated (`) cell
values.
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concentrations higher than 1027 to 1028 M, but one cannot
exclude that the differences observed between gene induction and
growth is related to differences in culture conditions. Neverthe-
less, these results suggested that, in addition to the action on
androgen-regulated genes, androgens play a role in the differen-
tiation state of mouse proximal tubule cells. Previous studies
showed that a number of compounds or hormones including
corticosteroid hormones [36, 37], prostaglandins or retinoic acid
[38, 39] were able to induce the formation of domes in various
models of renal tubule cultured cells. The mechanisms by which
these hormones or compounds favor the formation of domes
remain unclear. It has been previously shown that aldosterone and
dexamethasone increased the number of Na1,K1-ATPase pumps
and the Os component of Rb1 influx in SV40-transformed rabbit
thick ascending limb-like cells [37]. In the present study, we found
that DHT did not alter the Os component of Rb1 influx in both
proximal PKSV-PCT and PKSV-PR cells. Thus, these results
suggest that androgen and corticosteroid hormones stimulate the
formation of domes by distinct mechanisms.
In conclusion, these immortalized mouse cultured early and
late proximal cells have conserved substantial amounts of specific
androgen receptors and remain sensitive to the action of dihy-
drotestosterone. Therefore, such models of proximal tubule cells
should represent attractive tools to study the regulation of some
specific kidney androgen-regulated genes, whose functions are not
still fully elucidated.
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APPENDIX
Abbreviations used in this article are: DHT, dihydrotestosterone; Gus,
gene for b-glucuronidase; KAP, gene for kidney androgen-regulated
protein; PCT, proximal convoluted tubule; PR, straight terminal proximal
tubule; L-PK, L-pyruvate kinase; DM, modified culture medium; HFM,
hormonally-free medium; FCS, fetal calf serum; SDS, sodium dodecyl
sulfate.
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